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(54) [Invention name] Medical capsule 
endoscope 

(57) [Summary] 

[Objective) This invention is aimed to offer a 
medical capsule endoscope that can be inserted 
in body cavity (coelom) easily to limit pain of 
the patient, and contains various functions. 
[Composition] The medical capsule endoscope 
for examination or treatment by inserting the 
capsule in the body cavity with various 
functions. The device will include many 
capsules 2a, 2b, .... Each capsule 2a, 2b, ... is 
linked through functions of micromoter 6 thai 
drive the capsules on guide wire 4 and guide 
wire hole 5 to induce the device inside the body 
cavity.** 
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[Scopes of patent claims) 

[Claim )] The medical capsule endoscope is inserted in 
the body cavity to examine or to treat diseases. The 
device is equipped with various capsules. Each capsule 
is linked to move in the body cavity through induction 
wire holes. 

[Claim 2] The medical capsule endoscope is inserted 
in the body cavity to examine or to treat diseases. The 
device is equipped with various compact array of 
examining sensors and driving unit that change the 
sensors into, wide array of examining area. 
[Details of invention) 
[0001] 

[Industrial application) This invention is related to 
medical capsule endoscope for examination of body 
cavity by means of insertion of the device. 
[0002] 

[Conventional technology] As conventional technology 
to observe body cavity directly, endoscope is generally 
applied Examination with this internal microscope is 
very painful to the patient when it is inserted internally. 
For instance, pain during clearing of the throat is 
extreme. In addition, the insert part of the device is left 
during the examination, and it is serious burden to the 
patient 

[0003] Therefore, pain of the patient will be reduced by 
drinking a functional capsule that can examine and 
treat diseases. However, a single capsule that can be 
gulped easily cannot contain many functions for 
inspection as well as treatment Next, a capsule with 
multiple functions will be too large to take advantage 
as a small capsule. 
[0004] 

[Topics to be solved in this invention] This invention b 
aimed at troubles stated above. This medical capsule 
endoscope is expected to be easy to insert in the body 
cavity with minimum pain to the patient, but equipped 
with various functions. 
[0005] 

[Means and action for solution] This invention is 
related to the medical capsule endoscope that is 
inserted in the body cavity to examine or to treat 
diseases. The device is equipped with various capsules. 
Each capsule is linked to move in the body cavity 
through induction wire holes. In the other inventions, it 
is the medical capsule endoscope that is inserted in the 
body cavity to examine or to treat diseases. The device 
is equipped with various compact array of examining 
sensors and driving unit that change the sensors into 
wide array of examining area. 
[00061 

[Application example] Figure 1 to figure 4 show the 
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first application of this invention. The medical capsule 
endoscope in example 1 will be used to examine or 
treat in the body cavity by inserting into the upper 
respiratory organs. The device includes 5 units i.e. 
photography unit capsule 2a, sensor capsule 2b, 
amplification and transmission circuit capsule 2c, 
curvature control capsule 2d, power supply capsule 2e 
etc 

[0007] Each capsule housing 3 of those of 2a, 2b, 2c, 
2d, and 2e is a thru hole 5 that penetrates the central 
portion. The insert hole 5 will move on fee guide wire 
4 that acts as the body cavity leading wire. The hole 5 
inside of capsule 2a, 2b, ... is equipped with a roller 7 
that is driven with a capsule scanning micromotor 6. 
The roller 7 will rotate by means of driving the 
micromotor 7 with power supply (not shown in 
drawings) in the capsule housing 3, roll on guide wire 
4 that penetrates the hole 5, and will move (launch) the 
capsule 2a, 2b, ... along with the guide wire 4. In 
addition, fee guide wire can be made of metal wire, 
thread etc. 

[0008] As shown in figure 1 and figure 2, the 
photography capsule 2a is fabricated with objective 
lens II, solid photography device 12, and light- 
emitting device 13. The sensor capsule 2b is equipped 
with composite sensor 14 for pH, temperature, pressure 
etc. The amplification and transmission circuit capsule 
2c is fabricated with printed circuit board 15 that 
include sensor signal amplification circuit, and 
transmission circuit of amplified signal out of the 
patient body. The curvature control capsule 2d is 
fabricated with control circuit 17 against curvature 
operation direction and curvature angle of linking and 
curving part on each capsule. Next, power supply 
capsule 2e is equipped with micro-battery as power 
supply of circuits and devices above. On the rear 
section of each capsule 3, wireless transmission and 
receiving circuit 19 to transmit signals and energy with 
adjacent capsules is installed next to linking and 
curving part 16. In addition, the capsules will exchange 
signals with micromotor 27, connecting and curving 
control device 26, image reprocessing and sensor data 
display device 25 that are outside the body. 
[0009] At the same time, the linking and curving part 
16 is fabricated as in figure 4. That is, elastic material 
21 is installed on the rear part of one capsule 3 to be 
linked with the neighbor. The inside of elastic materia] 
21 can be partially installed with ring or magnetic 
material 22 that will be described later. In addition, the 
front of another capsule 3 to be linked will have 4 
electromagnets 23 on tor>bottom, left-right to be pairs 
with fee magnetic materials above. 
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The electromagnet 23 will be selectively induced by the 
control circuit 17 to give magnetic force. 
[0010] Next, we will explain about functions of this 
medical capsule endoscope. When capsule 2a, 2b, 2c, 
2d and 2e are outside the body, they never link 
mutually. By inserting into the body, it is shown in 
figure 3 that first the guide wire 4 wQl be inserted Next, 
the guide wire 4 wflj pass the thru hole of capsules by 
means of gulping one by one capsule. Capsules 2a, 2b, 
... that are gulped will move autonomously on the guide 
wire 4 through rotation of the roller 7 from the built-in 
micromotor 6. 

[0011] Therefore, the capsule 2a, 2b, ... that are 
swallowed in order will induce magnetic force of the 
electromagnet 23, and will be pulled by magnet 22 of 

capsule 2a, 2b, Adjacent capsules 2a, 2b, ... will 

mutually connect to obtain the capsule device i as 
shown in figure 3. Bonding state of each link will 
change magnetic force of the electromagnet 23 through 
signals from the curvature control circuit 17, and can 
create any curvature state. That is, by raising magnetic 
intensity of the electromagnet 23 to raise pulling force 
with magnet 22, parts of the elastic material wOI be 
compressed, and linked under bucking state as shown in 
figure 4. Therefore, the capsules will be seen totally link 
as curve. Furthermore, magnet 22 and electromagnet 23 
will be paired. The pair can slide 180° on the capsule 3 
edge to be 2 arrays, 2 direction curvature, or 90° to be 4 
arrays, 4 direction curvature. By taking pairs of magnet 
22 and electromagnet 23, linking position can be 
restricted. 

[0012] Next, power supply capsule 2e will transmit 
power of the micro-battery 18 to wireless transmission 
and receiving circuit 19 of other capsules 2a, 2b, .... 
through wireless transmission and receiving circuit 19 
of the power supply capsule 2e as shown in figure 2. 
Furthermore, the photography capsule 2a give driving 
power supply to solid photography device 12, light- 
emitting device 13 and micromotor 6, sensor capsule 2b 
to composite sensor 14, micromotor 6 and 
electromagnet 123, amplification and transmission 
capsule 2c to amplification and transmission circuit, 
micromotor 6, electromagnet 23, and curvature control 
capsule 2d to curvature control circuit 17, micromotor 6 
and electromagnet 23 through the wireless transmission 
and receiving circuit 19. Next, image signal and sensor 
signal of solid photography device 12 will be input of 
amplification and transmission circuit through wireless 
transmission and receiving circuit 19 to create image 
and body information at the device outside the body. 
Curvature control circuit 17 sends curvature direction, 
curvature amount and other information from outside 
the body through wireless. The information wuT control 
ON/OFF and intensity of electromagnet 23 through the 
wireless transmission and receiving device 19. Power 
supply capsule 2e of micromotor 6 is controlled from 
outside the body by the wireless transmission and 
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receiving circuit 19. Next, figure 2 shows power supply 
flow in double line and signal flow in single line, tines 
in the dotted line boundary are wiring transmission, and 
those outside are wireless transmission. Wireless 
transceiver frequency is distorted by the signal line ** 
to avoid line traffic congestion. 
[0013] However, structure in this application will have 
each capsule 2a, 2b, ... in the body cavity through guide 
wire 4. In the cavity, each capsule 2a, 2b, ... will link to 
be a capsule endoscope 1 that can move on curvature, 
observe and measure. That is, pain of the patient will be 
minor. In contrast, conventional endoscope or catheter 
is used to observe and examine in the body cavity, pipes 
will remain in the throat and load with pain of the 
patient continues. In addition, since various functions 
are distributed to many capsule 2a, 2b, size of one 
capsule 3 will be minimized, and penetrating force into 
the patient body will be remedied. In addition, by 
adding extra capsules for other functions, performance 
of the capsule endoscope I will be highly improved. 
That is, number of capsules will not be limited as in the 
example above. 

[0014] Figure 5 shows a deformed application of the 
example above. In figure (a), the high frequency 
processing capsule 2i is attached to the side view 
photography capsule 2h. The high frequency processing 
capsule 2i will contain the bipolar manipulator 31 that 
stops bleeding or does biological inspection. In figure 
(a), a laser capsule 2j is added to the side view 
photography capsule 2b. The laser capsule 2j contains 
laser ejection port 32 that will disperse, remove and stop 
bleeding of the injury location. 
[00 15] Figure 6 to figure 8 show medical capsule 
endoscope for the second application of this invention. 
The capsule of this endoscope will do ultrasonic 
diagnosis. The capsule body 40 is formed into flexible 
sheet That is, shape memory resin sheet 42 will be 
patched on the back of the flexible base plate as shown 
in figure 8. Expanding shape of the sheet 42 is the initial 
shape as shown in figure 7. The glass transition 
ternperature Tg of the shape recovery resin can be set at 
35°C or other. Therefore, the material will be solid 
shape at room temperature. In general, sheet 42 will be 
heated and rolled as shown in figure 6. By recovering 
this shape at room ternperature, rolled shape will be 
repeated. 

[0016] Surface of the flexible base plate 41 above is 
installed with matrix array of various ultrasonic 
oscillators 43 to be ultrasonic diagnostic sensor. Next, 
its surface wOI be ultrasonic wave propagating (PVA) 
gel layer 44 to cover top of the ultrasonic wave 
oscillators 43. Each ultrasonic wave oscillator 43 as the 
ultrasonic diagnostic sensor will be connected with the 
external device of ultrasonic diagnostic device 46 
through signal cable 45. The ultrasonic diagnostic 
device 46 is equipped with a monitor 47. 
[0017] However, the system will be applied by 



rolling in a roll shape and introduced to the body cavity 
through endoscope or tracheal channel After entering 
the body cavity, the sheet 42 will be softened with body 
heat It will recover the initial shape and expand as 
shown in figure 7. Sheet 42 will be soft and spread b 
the body cavity, and the ultrasonic oscillator set 43 will 
fit to the body cavity walL Next, by driving the 
ultrasonic diagnostic device 46 outside the body, 
ultrasonic wave from the ultrasonic oscillators will be 
transmitted and received, and ultrasonic image is shown 
on the monitor 47. 

[0018] Figure 9 to figure 12 show the third application 
of medical capsule endoscope in this invention. This 
capsule can do ultrasonic diagnosis but there are various 
ultrasonic oscillators 51 as the ultrasonic sensor. In this 
example, there are 7 ultrasonic oscillators 51 linking in 
one row to be the unit 52 (see figure 9). As shown in 
figure 1 1, the unit 52 will have ultrasonic oscillator 51 
on the flexible base plate 53, and ultrasonic wave 
propagating (PVA) gel layer 54 to cover the oscillators 
51. The unit 52 will be totally softened to bend m some 
extents. In addition, it is shown m figure 9 that each unit 
52 will be linked into one row by means of flexible wire 
55. 

[0019] The wire 55 is made of shape memory alloy that 
has been initially made into U-shape, and transition 
temperature is about 40°C. In general, it will be softened 
into straight line shape as shown in figure 12(a). By 
heating electrically, the wire will recover the shape as 
shown in figure 12(a), and will wrap the adjacent unit 
52 by means of the wire 55. In addition, the wire 55 will 
also be the signal transmitting line that will connect 
with the ultrasonic diagnostic device out of the body. 
[0020] However, this will be applied in one row and fed 
inside the body cavity by gulping, through endoscope or 
tracheal channel as shown in figure 9. After arriving 
into the body cavity, it will feed power to wire 55 to 
heat, and the wire 55 will recover the shape and wrap 
the adjacent pieces. That is, the unit will be linked into 
flat body as shown in figure 10. As a result, each 
ultrasonic oscillator 51 will be arrayed into matrix, and 
the ultrasonic oscillator set will fit into the body cavity 
walL Next, ultrasonic diagnostic device outside the 
body wDl be turned on, ultrasonic wave from the 
ultrasonic oscillators 51 will be received and 
transmitted, and ultrasonic image will be on display. 
[0021] In addition, by stopping power supply to the 
wire 55 during removal of the unit, its temperature will 
be below transition point and the unit softened. 
Therefore, k can be pulled out as shown in figure 9. 
[0022) Figure 13 shows an example of the third 
deformed application of this invention. The unit 52 will 
be linked with micromotor 56. By start rotating of the 
micromotor 56, the adjacent unit 52 will be wrapped to 
be a flat body. Other performances are identical to those 
above. 

[0023] Figure 14 to figure 17 shows the fourth 
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application of the medical capsule endoscope. This 
capsule endoscope will do diagnosis of tube cavity. The 
capsule housing 60 is the flexible sheet That is, the 
back surface of the flexible base plate is patched with 
the shape memory resin sheet 62 as base material 
similar to those shown in the second application. As 
shown in figure 15, the sheet 12 will have one-fold 
cylindrical shape expansion as the initial shape. The 
glass transition temperature Tg of the shape memory 
resin will be set at 35°C or other. Therefore, the material 
win be solid at room temperature. In general, sheet 62 
will be heated and rolled tightly as shown in figure 14. 
By recovering to room temperature, the roll shape will 
be formed again as shown in figure 14. 
[0024] Matrix of various pressure sensor 63 is arrayed 
on the surface of flexible base plate 61. Next, these 
surfaces will have gel layer 64 to cover the pressure 
sensors. Next, the pressure sensor 63 will be connected 
to the pressure diagnostic device outside the body by 
means of the signal cable 65. 
[0025] However, the device will be applied by rolling 
into a small shape and led to the tube cavity 67 through 
the endoscope or tracheal channel as shown in figure 
14. After entering the tube cavity 67, the sheet 62 will 
be softened with body heat to return to the initial shape 
of cylinder as shown in figure 15. Therefore, it will fit 
with the tube cavity 67 wall as shown in figure 16. By 
detecting signal for each pressure sensor 63, movement 
of the tube cavity can be observed e.g. peristaltic 
movement. 

[0026] Furthermore, if pH sensor is installed in place of 
the pressure sensor, body cavity pH will be measured, 
and absorptability of digested food in the tube cavity 
wall (digestion duct) will be observed. 
[0027] 

[Invention effect] Through invention as explained 
above, the capsule endoscope will be led into the body 
cavity easily with minimum pain to the patient, and can 
have a number of functions. 
[Brief descriptions of figures] 
[Figure 1] Outlines of fabrication of linking state of the 
medical capsule endoscope for example 1 in this 
invention. 

[Figure 2] Outlines of system of the medical capsule 
endoscope for also example 1 in this invention. 
[Figure 3] Outlines of state of application of the medical 
capsule endoscope for also example 1 in this invention. 
[Figure 4] Outlines of state of curvature control 
application of the medical capsule endoscope for also 
example 1 in this invention. 

[Figure 5] Perspective view of deformed application in 
example 1. 

[Figure 6] Perspective view of the medical capsule 
endoscope for example 2 in this mventiotu 
[Figure 7) Perspective view of medical capsule 
endoscope for example 2 in this invention. 
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{Figure 8] Cross-section of the capsule for the medical 
capsule endoscope. 

[Figure 9] Perspective view of the capsule for medical 
capsule endoscope of application example 3 of this invention. 
{Figure 10] Perspective view of assembly of capsule in the 
medical capsule endoscope of application example 3 in this 
invention. 

[Figure 11] Cross-section of capsule for the medical capsule 
endoscope above. 

[Figure 12] Side view of the deformed linking of capsules in 

application example 3 of this invention. 

[Figure 14) Perspective view of the capsule for medical 

capsule endoscope in application example 4. 

[Figure 15} Perspective of capsule of the medical capsule 

endoscope in application example 4 of this invention. 

[Figure 16) Cross-section of the capsule for medical capsule 

[Figure 1) 


endoscope m application example 4 of this invention. 
[Figure I7J Partial cross-section of the capsule in the medical 
capsule endoscope of application example 4 in tins invention. 
[Explanation of legends] 

(...Medical capsule endoscope, 2a... photography device 
capsule, 2b...Sensor capsule, 2a.. amplification and 
transmission circuit capsule, curvature control capsule, 
2c. .power supply capsule, 2b....stde view photography 
capsule, 2lJfigh frequency processing capsule. 
2j... Processing laser capsule, 3... Capsule housing, 4..Gutde 
wire, 5...Tbju hole, 6... Capsule scanning micrometer, 
1 6... Unking and curvature, 22lMagnet, 23. ..Electromagnet, 
40.. .Capsule body, 41. ..Base plate, 42.. .Shape recovery 
resin sheet, SI... Ultrasonic oscillator, 52...Unit, 35... Wire, 
60..Capsule housing, 61. Flexible base plate, 62... Sheet, 
63. ..Pressure sensor 


[Figure 4] 


[Figure 16} 



[Figure 3] 


[Figure 6) 


[Figure 7] 




[Figure 10] 


[Figure 17] 
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[Figure 12] 


[Figure 14] 
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